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 1.  Introduction 
Crown ethers and calixarenes are two kinds of macrocyclic ligands which are able to form 
complex with cations, anions and neutral species due to the non-covalent interactions such as 
cation–dipole interaction, hydrogen bonding and ‒ interaction. Their applications in 
chemical sensors have been numerously reported in the last two decades and numerous new 
derivatives have been continuously synthesized. However, factors governing their 
performance in the field of chemical sensor such as molecular structure, cavity size, cavity 
shape and solvent effect are still not completely revealed yet. For a practical purpose, 
investigating the nature of sensitivity and selectivity towards guests is of great importance.  
In this work, I have investigated the several factors influencing the complexations between 
those synthesized host molecules and guest molecules, such as flexibility of the skeleton of 
host molecule, the solvent effect, solvation shell of guest molecule and fluorescence 
quenching mechanism of host molecule by transition metals ion. Besides the studying 
aforementioned factors, my investigation was also extended to the solvent effect on a 
biologically important interaction. 
2.   Objectives 
1. Two crown ethers, namely dimethyl-pyridino-18-crown-6 ether (1) and dimethyl-diketo- 
pyridino-18-crown-6 ether (2) were selected as investigating models. Due to the presence 
of carbonyl group in (2), the flexibility of the skeleton of (2) is smaller than that of (1). 
Their complexations with K+ are good platforms studying the effect of the freedom of the 
host’ skeleton on the host–guest interaction. 
 
Figure 1 Structures of M2P18C6 (1) and M2K2P18C6 (2). 
2. Alcohols are a kind of common solvents, however their impact on complexation has not 
been systemically investigated yet. Therefore, an effort on correlating the property of 
solvent with the thermodynamic behavior of complexation is worthwhile. In this study, I   
have investigated the solvent effect of primary alcohols on the complex formation of 
crown ether (1) with K+ and Na+ ions.  
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3. The role of the solvent effect has been studied in case of a biologically important interaction. 
Ochratoxin A (OTA) is a kind of toxic coumarin derivative, which can strongly bind to the 
animal’s protein leading to several toxic effects such as nephrotoxicity, hepatotoxicity, 
neurotoxicity, teratogenicity and immunotoxicity in animals. The log K between OTA and 
human serum albumin (HSA) can reach as high as above 6. As a commonly used solvent 
of hydrophobic drug, ethanol effect on the protein‒ligand interaction is of interest and 
attracts a lot of attentions. Therefore, the ethanol effect on OTA and HSA can serve as a 
good model to better understand the solvent effect on complexation between bioactive 
molecules. 
 
Figure 2 Structure of ochratoxin A (3). 
4. In liquid phase the host and guest molecules are solvated by the surrounded solvent 
molecules. Therefore, desolvation process should be performed prior to the physical 
contact occurred between the host and guest. Hence, the desolvation processes play 
important roles on selectivity of host molecule. In this study, I have examined how the 
selectivity and sensitivity of resorcinarene (4) and its derivative—cavitand (5) towards 
alkali metal ions are affected by the desolvation of the species interacted. 
 
Figure 3 Structures of resorcinarene (4) and cavitand (5). 
5. Detection of transition metal ions is of practical significance in environmental, analytical 
and biological chemistry. The fluorescence quenching effect of fluorescent compound by 
transition metal ion is a common phenomenon in these interactions. However, few work 
focused on the quenching mechanism by those transition metal ions. In this study, the 
efforts focused on the discussion of quenching mechanism of a novel ‘deepened’ cavitand 
by some transition metal ions. 
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Figure 4 Structure of a ‘deepened’ cavitand derivative (6). 
3.   Methods 
1. Calculation of binding constant  
UV–Vis and fluorescence spectrophotometric titrations were carried out to calculate the 
binding constant (Log K). Modeling of different stoichiometry and the data evaluation 
have been performed by a nonlinear fitting program—HyperQuad 2006. 
2. Determination of thermodynamic parameters 
The thermodynamic parameters including entropy change (S) and enthalpy change (H) 
values were obtained from the intercept and the slope of the line fitted to the 
experimental data by applying the van’t Hoff equation, respectively.  
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3. Theoretical calculation  
To obtain the background of the thermodynamic behavior at molecular level, optimized 
geometry and vibrational spectrum were calculated at semiempirical level using the Austin 
Model 1 (AM1) in the HyperChem 7.5 code.  
4. The quenching model of the sphere-of-action 
It is provided that a given spherical space surrounding the excited fluorophore exists and 
the quenching probability is same within this region. The quenching model of the sphere-
of-action is described by the following equation: 
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4.   Results 
1. The role of the skeleton’s flexibility of crown ether on the complexation towards K+ in 
methanol was investigated by UV spectroscopy. Results show that the entropy decreases 
when the ‘flexible’ crown ether (1)  forms a complex with K+, while the entropy increases 
during complex formation of the ‘rigid’ crown ether (2) with K+. Quantum chemical 
calculations highlight that molecular vibrations of skeleton are most likely to result in the 
obtained entropy change. The different vibrational entropy change of the crown ether’s 
skeleton can be identified as the molecular background of complexation phenomena at 
molecular level. 
2. The interactions between a crown ether (1) and alkali metal ions including Na+ and K+ 
were studied in different alcoholic solvents including methanol, ethanol and n-propanol 
by UV spectroscopy. The results show that the stability constants of both (1)–Na+ and 
(1)–K+ complexes increase as the permittivity of the solvent decreases. A correlation 
between thermodynamic parameters and the permittivity of solvent was found. As the 
permittivity of solvent decreases, the enthalpy change and the entropy change become 
less favorable and more favorable, respectively.  In order to understand this phenomenon, 
a two-step complexation model including both classic hydrophobic effect (step 1) and 
non-classic hydrophobic effect (step 2) was proposed. As the solvent varies from 
methanol to n-propanol, both the hydrophilicity of the solvent and the number of the 
released solvent molecules decrease. As a result, the classical hydrophobic effect plays 
more important role than the non-classical hydrophobic effect in complexations. The 
complexation becomes a mainly entropy-driven process in n-propanol. 
3. The ethanol effect on OTA (3)–HSA interaction in PBS buffer solutions was investigated 
by Raman spectroscopy and steady-state fluorescence spectroscopy. The Raman spectra 
show that after the binding of OTA to HSA, the polarity of microenvironment of 
tryptophan residue on HSA decreases. The fluorescence results evidenced that the 
presence of ethanol induces a negative effect on the binding of OTA to HSA. 
Thermodynamic study suggests that as the concentration of ethanol increases, the binding 
process of OTA to HSA switches from being entropy-driven to enthalpy-driven. A true 
enthalpy–entropy compensation was also observed. This phenomenon could be attributed 
to the shift of the dominant role in complexation from the classical hydrophobic effect to 
the non-classical hydrophobic effect, arising from the more enhanced hydrogen bond 
network in the bulk phase as the ethanol concentration increases. 
4. The interactions of the resorcinarene (4) and cavitand (5) with alkali metal ions including 
Li+, Na+, K+ and Cs+ in methanol were investigated by steady-state fluorescence 
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spectroscopy. The results showed that (4) is able to interact with Li+ and Na+, while (5) is 
able to interact with K+ and Cs+. Thermodynamic study shows that the complexations of 
(4) with Li+ and Na+ are enthalpy-favorable processes, but those of (5) with K+ and Cs+ 
are entropy-favorable processes. According to their thermodynamic behaviors, two 
different binding mechanisms, namely the binding of methanol-solvated Li+ and Na+ to 
the cavity of (4), while the binding of desolvated K+ and Cs+ to the cavity of (5), were 
proposed. 
5. The fluorescence quenching effect of the emission intensity of a novel ‘deepened’ 
cavitand (6) by some transition metal ions has been investigated using steady-state 
fluorescence spectroscopy. The results show that amongst the used transition metal ions 
including Ag+, Cd2+, Cu2+, Fe3+,Cr3+, Hg2+, La3+, Mn2+, Ni2+, Zn2+ and Co2+, only Fe3+ 
and Cu2+ possess good quenching efficiency towards (6). Dynamic quenching model and 
the simultaneous presence of dynamic and static quenching model have been used for 
interpretation of the quenching mechanism. The best-fit quenching mechanism was found 
to be the simultaneous presence of the sphere-of-action static quenching and the dynamic 
quenching model.  
5.   Thesis points 
1. Flexibility of the molecular skeleton determines significantly the thermodynamics of the 
affinity of some crown ether derivatives towards potassium ion. The entropy change of 
the interaction of crown ether possessing more flexible skeletons with K+ is more 
negative. Quantum chemical calculations support that molecular vibrations of skeleton is 
most likely reason for the obtained different entropy changes. 
2. The stability of complexes formed between a crown ether derivative with Na+ and K+ 
increases in the solvent order of methanol, ethanol and n-propanol. The observed 
enthalpy–entropy compensation suggests the classical hydrophobic effect becomes more 
dominant than the non-classical hydrophobic effect as the hydrophilicity of solvent 
decreases. 
3. Ethanol is able to inhibit the binding of OTA to HSA. The binding process of OTA to 
HSA switches from being entropy-driven to enthalpy-driven as ethanol concentration 
increases, which could probably arise from the more enhanced hydrogen bond network in 
the bulk phase when the ethanol concentration is higher. 
4. Desolvation plays a dominant role in the complexations of resorcinarene and cavitand 
with some alkali metal ions. The complexations of resorcinarene with Li+ and Na+ are 
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enthalpy-driven processes, while those of cavitand with K+/ Cs+ are entropy-driven 
processes, which depend on the different extent of desolvation of the guest ions. 
5. Cu2+ and Fe3+ are capable of quenching the ‘deepened’ cavitand effectively. The 
simultaneous presence of the sphere-of-action static quenching and the dynamic quenching 
model is the best model for these two quenching phenomena. 
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